ABSTRACT A longitudinal study of hearing loss was conducted among a group of lumberjacks in the years 1972 and 1974-8. The number of subjects increased from 72 in 1972 to 203 in 1978. They were classified according to (1) a history of vibration-induced white finger (VWF), (2) age, (3) duration of exposure, and (4) duration of ear muff usage. The hearing level at 4000 Hz was used to indicate the noise-induced permanent threshold shift (NIPTS). The lumberjacks were exposed, at their present pace of work, to noise, Leq values 96-103 dB(A), and to the vibration of a chain saw (linear acceleration 30-70 ms-2). The chain saws of the early 1960s were more hazardous, with the average noise level of 111 dB(A) and a variation acceleration of 60-180 ms2. When classified on the basis of age, the lumberjacks with VWF had about a 10 dB greater NIPTS than subjects without VWF. NIPTS increased with the duration of exposure to chain saw noise, but with equal noise exposure the NIPTS was about 10 dB greater in lumberjacks with VWF than without VWF. With the same duration of ear protection the lumberjacks with VWF consistently had about a 10 dB greater NIPTS than those without VWF. The differences in NIPTS were statistically significant. The possible reason for more advanced NIPTS in subjects with VWF is that vibration might operate in both of these disorders through a common mechanism-that is, producing a vasoconstriction in both cochlear and digital blood vessels as a result of sympathetic nervous system activity.
has been considered as the aetiology of vibrationinduced white fingers (VWF).10 The vulnerability to vibration is related to factors such as the frequency range of vibration," intensity of vibration,12 and duration of vibration. 13 Moreover, the diameter of the lumen of the blood vessels of the hand, smoking habits, and working position have been suggested to explain partly why some subjects are more susceptible to vibration than others. 14 15 A common mechanism might operate in both NIPTS and VWF, inducing vasosconstrictions in both the cochlear and peripheral blood vessels. To study this hypothesis we measured the hearing levels of a group of lumberjacks annually for six years. We also recorded symptoms and signs of VWF.
Subjects and methods

SAWS
The noise and vibration of an old model chain saw (1958 Table 2 shows the number of lumberjacks with VWF in the different study years. recommended noise levels (ISO, 1970 (ISO, 1978) . saw with the highest vibration exceeded the permissible value by 10 dB. The result implies that the operation period for the saw with the highest acceleration should be limited to half an hour a day. The Homelite ZIP exceeded the corresponding limit by 20 dB in the 1/3-octave band of 100 Hz. Generally, the highest vibration was measured in the frequency range of 63-250 Hz.
HEARING LEVELS Figure 3 (a-d) shows the hearing levels at 4000 Hz of lumberjacks in the years 1972-8 when classified in 1978 into different age groups. In the age groups 30-39 (p < 0 05) and 40-49 (p < 0 01) the lumberjacks with VWF consistently had about a 10 dB lower hearing level than the lumberjacks without VWF. Table 3 shows the chain saw operating hours, the time with ear muffs, and the hearing level at 4000 Hz in 1978. A statistically significant difference (p < 0-05) in the total chain saw operation time was observed in the age group 30-39 years. had operated a saw for less than 5000 h (mean latent period for VWF among these lumberjacks in 1972 was 5600 h ± SD 2500 h). 13 In the other groups the lumberjacks with VWF had about a 10 dB lower hearing level than the lumberjacks without VWF. The difference was statistically highly significant in the exposure groups of 5000-9900 h and 10000-14 900 h (p < 0 001 in both groups). Figure 5 (a-d) shows the hearing levels at 4000 Hz in the years 1972-8 according to the total operation time without ear muffs before 1978. In all groups the lumberjacks with VWF had about a 10 dB lower hearing level than lumberjacks without VWF. The difference was statistically significant in the group who had worked for 10-14 years (p < 0 01).
Discussion
Since The wear and tear associated with increasing use of a chain saw causes imbalance in the moving parts (cutting chain, engine, isolation of the handles). These characteristically produce an increase in the noise and vibration of the tool. In an earlier study we observed noise levels of up to 116 dR(A) in used Protective measures to prevent noise-induced hearing loss by using ear muffs were taken in Finland in 1972, after which everyone in forest work had to use ear muffs when exposed to noise levels above 85 dB(A). The use of ear muffs varied at first, and even in 1972 some 15% of the lumberjacks did not wear them, for a variety of reasons. The respective figure in 1978 was under 5 %. On the other hand, it seems possible that the ear muffs used today do not protect one completely from hearing damage.29 For instance, sympathetic activation and the resulting triggered reflexes start at much lower noise levels than are needed to cause hearing damage.
It might be questioned whether measurements of the hearing level at 4000 Hz are sufficient to describe the hearing damage caused by the noise of a chain saw. The power spectrum of chain saw noise reaches its maximum between 100 and 500 Hz (see fig 1) and causes the greatest deterioration in the cochlea within the frequency range of 1000 to 2000 Hz.4 Only a slight decrease, however, occurs in chain saw noise at higher frequencies, and taking into consideration the greater sensitivity of the ear around the frequency of 1000 Hz, the greatest hearing loss can be expected at 4000 Hz.4
Learning effects can influence the shape of the hearing threshold curves during the course of time. Because the relation between subjects with VWF and without VWF were rather stable during different years a learning effect does not explain the difference in mean hearing results. Recovery times were, for practical reasons, 15-48 h, not the normally accepted 40-h minimum. This factor seems to be insignificant because the subjects were intermixed according to VWF-for instance, the controls were studied simultaneously with subjects with VWF. The base level of hearing was about the same in groups to be compared despite large differences between individuals.
The reason for lumberjacks with VWF showing greater hearing loss than the lumberjacks without VWF is not known. One possible explanation could be that the hearing loss was at least partly caused by the vasoconstriction of the cochlear vessels triggered by vibration. Local vibration is known to stimulate the sympathetic nervous system30 and when prolonged it may lead to vasoconstriction in the peripheral vessels.3' Electrical stimulation of the sympathetic cervical ganglia in animals leads to a decrease in cochlear microphonic potential, explained as the result of decreased blood flow in the stria vascularis. 32 The decrease in blood flow, reaching up to 25 %, has been recently confirmed by measuring the penetration of radioactive gelatinous particles of different size in the cochlear vessels. 33 The mechanism by which the subjects with VWF developed greater hearing losses could thus be analogous to the postulated mechanism leading to peripheral vasoconstriction in the vibration syn 
